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 SIMULATION AND MODELING OF TURBULENCE 
DR. TOM GATSKI Turbulence is omnipresent in our daily lives and it is a phenomenon that is not yet fully understood. From the solar wind in the vast expanse of the universe to our own atmosphere and oceans, turbulence and turbulent flow play a pivotal role. As  important  as  understanding  the  fundamental  phenomenon  is  the  ability  to predict  and  subsequently  control  such  flows. My primary  research  focus  over  the last two decades has been on the development of prediction models for such flows as  well  as  on  their  direct  numerical simulation (DNS).   This  work  has  been  mainly focused  toward  external  aerodynamic applications,  and  it  is  an  area  where many of  the model enhancements have taken  place.  Nevertheless,  geophysical flows have also embraced many of these methods  from  Reynolds‐averaged Navier‐Stokes (RANS) methods to  large eddy  simulation  (LES)  techniques.  The latter  methodology  is  ideally  suited  to oceanographic  applications  in  flow fields  where  a  spectral  separation  of scales exist. While averaged and filtered methods, such as RANS and LES, may be the  only  option  in  practical  flow  fields, DNS  offer  the  possibility  of  studying turbulence  through  a  solution  of  the instantaneous  conservation  equations. While  computationally  intensive,  with the  grid  points  often  numbering  in  the 
108 range, some wall‐bounded flows are amenable to solution. One advantage of such  flow  simulations  is  that  they  can yield  structural  characteristics not  easily understood by other techniques. In Figure 1, the Q‐vortex criterion (= 0.5 | W |2 − | S |2  ,  where  W   is  the 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Figure 1: Q‐criterion vortex structures in supersonic boundary layer flow at M∞ = 2.25: (top) adiabatic wall condition; (bottom) isothermal (cold) wall condition.   








CCPO Researcher Earns Award 
 
Congratulations to Malcolm Scully, who was selected as the 2009 winner of the 
Cronin Award for Early Achievement by the Coastal and Estuarine Research 
Federation (CERF). Malcolm, an assistant professor at CCPO, received the Cronin 
Award at the CERF biennial scientific conference, which was held November 1-5 in 
Portland, Oregon.  According to CERF, the “Cronin Award is named for Dr. L. 
Eugene Cronin, Sr., the first president of ERF and a significant contributor to 
estuarine science and our organization. This award recognizes significant 
accomplishments of an estuarine scientist who is in the early stages of his/her career 
development. The recipient will have shown great promise with work carried out 
during the first six years past the PhD [sic].”   
My Journey to Antarctica 
by M. Andrea Piñones 
 
   
The second of the last three cruises of the PATEX 
(PATagonian EXperiment)-VII, part of the Brazilian SOS-
Climate (Southern Ocean Studies for Understanding 
Global Climate Issues) - project was scheduled to depart 
from Punta Arenas, Chile the evening of January 2, 2009. 
After emergency surgery for a member of the crew, the 
ship was ready to leave port the following evening. Our 
ship, the R/V Ary Rongel, is part of the Brazilian Navy, 
and is equipped with oceanographic equipment, 
laboratories and human support to conduct research in high 
latitude environments. The vessel is used as main support 
by the Brazil Antarctic Programme, carrying supplies and 
providing support to the scientists and personnel of the 
Brazilian Antarctic base, Comandante Ferraz, on King 
George Island, which is in the South Shetland Islands.   
 
 
We departed from the Punta Arenas Port and 
navigated through the Strait of Magellan towards the 
Patagonian shelf, south of the Falkland Islands. Once 
there, intensive day and night sampling was done with the 
aim of studying physical and biogeochemical processes, 
and the relationship between phytoplankton communities 
and the optical properties of the ocean along the 
Patagonian shelf break. 
    During the cruise, we occupied 28 stations 
distributed along the shelf break. Station locations were 
based on information from ocean color satellite images 
from the previous day, which allowed tracking of high 
concentrations of coccolithophorids. However, the 
persistent cloud cover in the region made defining exact 
locations for the stations difficult and affected the ability to 
do accurate predictions of the algal bloom location.  The 
position of the stations was also limited by the 
international maritime boundaries of the region. 
    A multidisciplinary set of experiments and 
sampling was done at each station. Twenty-three 
researchers, led by chief scientist, Dr. Virginia Tavano 
Garcia from University Federal do Rio Grande, worked on 
different sets of experiments and different aspects of data 
collection. These included CTD measurements, 
deployment of radiometric buoy and light sensors (visible 
radiation), deployment of optical equipment (in the ocean), 
primary production experiments, analysis of nutrients, 
atmospheric particle counts, filtering for atmospheric trace 
elements, and recording of light through water at several 
wavelengths.  Marine mammal and seabird sightings, as 
well as continuous plankton recorder (CPR) 
measurements, were also part of the activities during the 
cruise.  The marine mammal observations were overseen 
by Dr. Manuela Bossoi from University Federal do Rio de 
Janeiro (UFRJ) as part of the Census of Antarctic Marine 
Life (CAML). 
  After sampling the Patagonian shelf, we began 
our journey to Antarctica.  The forecast was favorable for 
crossing the Drake Passage, so after 48 hours, we reached 
Admiralty Bay located south of King George Island in the 
South Shetland Islands. During the passage to Antarctica, 
the ocean was very friendly. Old stories from crew 
members really frightened the first time visitors of the 
Southern Ocean, especially me, but with beginner’s best 
luck, not only was the trip peaceful, but the seabird and 
whale sightings were also incredible.  
    Once in Antarctica, we had the opportunity to 
visit the Brazilian base, which is home to approximately 
60 scientists and military personnel all year around.  We 
were received with a welcoming reception by the 
“Comandante” [sic] of the base and later invited to have a 
tour around the base.  Everyone there seemed quite busy 
doing maintenance and renovations for the visit of the 
members of the Brazilian Parliament that would take place 
few days later.   
    Our trip back home began after this visit.  The 
scientific crew was scheduled to leave Antarctica by 
aircraft from the Chilean Antarctic base, Presidente 
Eduardo Frei. We navigated from Admiralty Bay towards 
Maxwell Bay and waited for the aircraft, a Hercules, to 
take us home from Antarctica.  As a Chilean citizen, I was 
thrilled to visit “Villa Las Estrellas”, a residential area that 
has a school, a bank, a hospital and other services to 
support the 80 to 150 people (depending on the season) 
who live there. 
 
 After more than two weeks from the beginning of 
our journey from Punta Arenas to Patagonian waters and 
Antarctica, a few hours of seasickness, hundreds of 
pictures, some Portuguese words and many new friends, I 
left Antarctica grateful and happy to have received such a 
wonderful opportunity. I would like to gratefully 
acknowledge the invitation I received from Dr. Carlos 
Garcia from University Federal do Rio Grande to be part 
of this journey, and especially the help and support of my 




Andrea on board the R/V 
Ary Rongel, which was 
anchored in Admiralty Bay, 
King George Island in front 
of the Brazilian Antarctic 
Base.   
Another view 
of Admiralty 
Bay, with the 
R/V Ary 
Rongel in the 
background 
and a Gentoo 
penguin in the 
foreground. 
 
CCPO POSTDOCTORAL RESEARCHER PROFILES 
Tosca Ballerini 
 
My research interests focus on the Southern 
Ocean ecosystem, and, in particular, on Adélie penguins 
and food webs.  Adélie penguins are one of the most 
abundant top predators in the Southern Ocean. With the 
current climate warming, various factors can affect their 
populations in Antarctica. For example, the current 
trend of diminished winter sea ice can lead to habitat 
loss, competition with species more adapted to live in 
ice-free areas, and also diminished food availability. 
Some of the penguin prey are known to live in close 
association with sea ice, and a decrease of winter sea ice 
extent and duration will affect the penguins due to less 
food. 
I studied Adélie penguins during my three 
years of doctoral study in the Department of 
Environmental Sciences at the University of Siena in 
Italy. As part of my Ph.D. research, I collaborated with 
the Italian Antarctic Research 
Program, taking part as a field 
biologist on a three-month 
expedition to the Adélie penguin 
colony of Edmonson Point in the 
Ross Sea, Antarctica.  In order to 
determine the various factors 
associated with changes in 
mortality and breeding success in 
the penguins from our study 
population, we worked with 
individually marked birds for which we knew sex and 
age. The data collected during 11 years of work have 
been used to build some mark–recapture models and a 
matrix populations model that I developed in 
collaboration with the Seabird Ecology Group at the 
Mediterranean Institute for Advanced Studies in 
Mallorca, Spain.  The main result we found from the 
population of Edmonson Point is that penguins survive 
better in the winter when there is an average extent of 
sea ice in the Ross Sea. According to the model 
simulations, the study population could rapidly decrease 
if the sea ice were to disappear in the Ross Sea, most 
likely as a result of loss of their winter sea ice habitat. 
Climate change may impact not only single 
species, but it is likely to affect whole ecosystems, 
changing abundances of various species and therefore 
altering food webs processes. One interesting approach 
to study this subject is the construction of the End-to-
End food web models, where all the components of a 
food web are described in one single mathematical 
model, starting from the inorganic nutrients and the 
primary producers, and going up to primary and 
secondary consumers, including the top predators such 
as seabirds and marine mammals. Understanding the 
functioning of an ecosystem can be important in order 
to predict possible consequences of environmental 
changes and can serve in the management of the 
ecosystem (for example, informing the fisheries). 
I started to study food webs in November 2008, 
when I joined the research group of Dr. Eileen Hofmann 
at CCPO. We are currently working in the synthesis 
phase of the U.S. GLOBEC program, which involves 
four study regions: the Northwest Atlantic, the 
Northeast Pacific, the Gulf of Alaska, and the Southern 
Ocean. About 25 people participate in this project and I 
am currently developing the mathematical models for 
the Southern Ocean food web. It seems to me that the 
most challenging part of this project is putting together 
all (or a good quantity of) the information available on 
the various species/trophic groups that make up the 
ecosystem.  I feel very fortunate to collaborate with a 
large group of people who are experts in different areas 
and can help give answers to the various questions that 
arise during the modeling process. One of the ultimate 
goals of this project is to develop similar mathematical 
models for the four study regions, to be able to compare 
them in terms, for example, of primary and secondary 
productivity, sustainable fishery extraction, and to get 




 I arrived at CCPO in July 2008 to collaborate 
with Dr. Chet Grosch after graduating with a Licence 
and Maîtrise of applied physics from the Université de 
Rennes 1 and then earning a Master of Science and a 
Doctor of Science in fluid dynamics at the Institut 
National Polytechnique de 
Toulouse, which is now part of 
Université de Toulouse in 
France. 
 The first aspect of my 
research concerns diffusion at 
high Schmidt number through 
turbulent gas-liquid interface that 
occurs in many geophysical or 
industrial processes. It is for 
example the basic situation 
encountered in the exchange of soluble gas like CO2 
between the atmosphere and the oceans. In such 
conditions, two different process are responsible of the 
absorption of the gas by the liquid: first a diffusive 
process takes place in the immediate vicinity of the 
interface and is due to the gradient of concentration of 




process takes place, helping maintaining a high 
concentration gradient at the interface by bringing fresh 
water from the bottom to the top of the water column. 
We aim to study the impact of the Langmuir 
circulation, which is a phenomenon of longitudinal pairs 
of counter rotating vortices occurring in wind and wave 
driven surface sheared flows, on the renewal process. 
The Langmuir cells are generated via the Craik-
Lebovitch vortex force, modeling the interaction 
between the Stokes drift (induced by surface waves) and 
the shear current. Simulations are made using a hybrid 
spectral-finite difference solver, using Large Eddy 
Simulation (LES) for the turbulence modeling. 
A second aspect of my research is made via 
collaboration with Institut de Mécanique des Fluides de 
Toulouse and Institut de Mathématiques de Toulouse of 
Université de Toulouse in France. One goal of that 
collaboration is to develop a fluid-stucture interaction 
finite elements solver using the getfem++ C++ library. 
Secondly, we aim to investigate with that solver the 
behavior of the flow past a cylinder rotating around its 




CCPO SEMINAR SERIES 
 
During the academic year, CCPO invites distinguished scientists to present seminars, which take place in 
Room 3200, Innovation Research Building 1, Old Dominion University on Mondays at 3:30 PM.   
A reception is held prior to the seminar at 3:00 PM. Eileen Hofmann, professor of oceanography,  
coordinates the seminar series.  Specific topics are announced one week prior to each seminar;  
abstracts can be found at www.ccpo.odu.edu/seminars.html. 
 
 
Fall 2009 seminar speakers 
September 14  Luis Hückstädt, University of California, Santa Cruz     
September 21  Joe Rieger, Elizabeth River Project, Norfolk, VA 
September 28  A.D. Kirwan, Jr., University of Delaware   
October 5  James Pierson, UMCES Horn Point Laboratory  
October 19  Lora Harris, UMCES Chesapeake Biological Lab  
October 26  Eric Powell, Haskin Shellfish Research Lab, Rutgers University 
November 2  Eileen Hofmann, CCPO 
November 9  Mark Bushnell, NOAA 
November 16  Marina Marrari, NASA Goddard Space Flight Center 
November 23  Fei Chai, University of Maine  
November 30  Tim Wilkins, Paliria Energy, Inc. 
 
 
Spring 2010 seminar speakers 
 January 25  William Dewar, Florida State University 
 February 1  Ruoying He, North Carolina State University 
 February 8  Tosca Ballerini, CCPO 
 February 15  Daniel Dickerson, Old Dominion University 
 March 1  Raghu Murtugudde, University of Maryland 
 March 15  John Klinck, CCPO 
 March 22  Guillaume Martinat, CCPO 
 March 29  Miguel Palmer, Mediterranean Institute for Advanced Studies/CQFE 
 April 5   David Allen, US Global Change Research Program, Washington, DC 
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Italy, 2009. 
Shahab, M.F., G. Lehnasch, T.B. Gatski, P. Comte, and A. Shams, Statistical Evaluation of the Shock Wave Boundary Layer Interaction 
Phenomenon, paper presentation at the XIXème Congrès Français de Mécanique, Marseille, France, August 24-28, 2009. 
Tian, T., Results of three-dimensional model simulation analyses for US eastern continental shelf, US-ECoS project team meeting, 
Providence, RI, March 19-20, 2009. 
Tuleya, R., Hurricane Model Transitions to Operations at NCEP/EMC: A Joint Hurricane Testbed (JHT) Program, 63rd Interdepartmental 
Hurricane Conference, St. Petersburg, FL, March 2009. 
Tuleya, R., Tropical cyclone models at landfall, Hurricane Diagnostic and Verification Workshop, National Hurricane Center, Miami, FL, 
May 5, 2009. 
Xue, J., M.A.M. Friedrichs, B. Cahill, K. Fennel, E. Hofmann, J. Wilkin, A. Mannino, and R. Najjar, The effect of river freshwater 
discharge on US Eastern continental shelf carbon cycling (USECoS), Ocean Color Research Team Meeting, New York, NY, May 4-8, 
2009; and Ocean Carbon and Biogeochemistry Workshop, Woods Hole, MA, July 20-24, 2009. 
Xue, J., C. Lee, M.A.M. Friedrichs, E.E. Hofmann, B. Cahill, K. Fennel, D. Haidvogel, K. Hyde, A. Mannino, C. McClain, R. Najjar, J. 
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analysis, Chemical Oceanography in a Changing World, Savannah, GA, February 22-24, 2009; and Coastal Ocean Carbon Cycling, 





Appointments & Awards 
Ezer, T., promoted in May 2009 to a tenured Professor of Ocean, Earth & Atmospheric Sciences. 
Gargett, A.E., Outstanding Reviewer in 2008, Cold Regions Science and Technology. 
Narváez, D., selected to participate in the summer colloquium, Marine Ecosystems and Climate: Modeling and Analysis of Observed 
Variability, Boulder, CO, August 2-14, 2009. 
Smith, E.A., convener of the User Requirements Review Workshop for the Chesapeake Inundation Prediction System, Falls Church, VA, 
February 9, 2009.  
Smith, E.A., chaired session (Methods and Tools for Engaging Regulators and Natural Resource Managers in Ecosystem Based 
Management) at Ecosystem Based Management in the Chesapeake and Other Systems Symposium, Baltimore, MD, March 22-25, 2009.  
Smith, E.A., chaired semi-annual membership of the Chesapeake Bay Observing System (CBOS), Norfolk, VA, May 4, 2009.  
Tuleya, R., appointed as a Self Supporting Research Professional (SSRP). 
 
 
Summer intern gains valuable experience at CCPO 
 
Elizabeth Moncure, a junior math major and intended 
marine science minor at Smith College in Massachusetts, 
was fortunate to spend 10 weeks this past summer 
interning at Old Dominion University’s (ODU) Center for 
Coastal Physical Oceanography (CCPO) and Rutgers 
University’s Haskin Shellfish Research Laboratory 
(HSRL). With the help of Eileen Hofmann, CCPO 
Professor of Oceanography, and Olga Polyakov, CCPO 
Research Scientist, she has worked on a project mapping 
the live and dead oyster populations of two major 
Delaware Bay oyster beds and the percent mortality.  
She began the summer at HSRL, where she spent four 
weeks helping in a re-survey of the Delaware Bay oyster 
beds. The re-survey began this year with two beds and will 
continue for 10 years with 10% of the Delaware Bay 
oyster beds being re-evaluated each year, thus verifying 
that the beds’ quality level is accurate. Elizabeth spent her 
time in the field collecting 132 bushels of oysters on a boat 
at 4 AM, with Kathryn Ashton-Alcox and Jennifer Gius of 
HSRL. Back in the lab, she experienced the process of 
sorting the oyster bushels and recording volumes and 
weights.  
During the remaining six weeks, she was at CCPO, 
where she became familiar with MATLAB and GMT. 
Using these two tools, she was able to map the number of 
live and dead oysters throughout the oyster beds and also 
calculate and map the percent mortality. Elizabeth will 
ideally continue working on this project by comparing the 
2009 mortality percentages with the 2008 mortality data 
and thus obtain an estimate of the annual mortality rate of 
the Delaware Bay oyster population and an understanding 
of the environmental and/or biological factors contributing 
to the oyster mortality. 
Elizabeth saw the summer as a wonderful learning 
process, as she’s experienced the methods of collecting 
and analyzing data, and definitely come to appreciate the 
amount of labor that is required to complete a project. She 
would like to thank everyone at CCPO and HSRL, as well 
as Smith College and NOAA, both of which helped fund 










   
 
 
  
 
